Abstract. Taenia solium 45W proteins are good candidates for development of anti-cysticercosis vaccines. However, the genetic characteristics of the 45 gene family are still unclear between different isolates. We investigated the polymorphism of the 45 gene family between Chinese and Mexican T. solium. Alignment showed that TSO45-4B and TSO45-1C antigens were conserved absolutely, whereas other TSO45 proteins varied between these two isolates. It is informative to guide using of recombinant 45W vaccines to control porcine cysticercosis caused by Asiatic or African/ Latin American T. solium.
The adult worm from a taeniasis patient in Jilin Province, China, was completely scissored to completely release T. solium eggs. After they were washed 3 times in saline, the eggs were hatched and activated in vitro according to the method previously described by Stevenson. 11 The activated oncospheres were then purified by centrifugation. Total RNA was extracted using the SV Total RNA Isolation Kit (Promega, Madison, WI) according to the manufacturer's recommendations.
Reverse transcription was performed using the universal reverse primer (5ЈGGTTTGGAAATGGGCATTGACC3Ј). PCR was conducted using the universal reverse primer and the forward primer (5ЈATGGCGTCTCAGTTCCACTTG3Ј) or 45W-4B special forward primer (5ЈATGGCGTCCCAAT TGTGCC3Ј) in a Techgene (Irving, TX) PCR cycler with the following conditions: pre-denaturation at 95°C for 5 min followed by 35 cycles of 94°C for 30 sec, 52°C for 30 sec, and 72°C for 45 sec, with a final extension at 72°C for 10 min.
The PCR products of 45W purified with DNA purification kit (BioDev, Beijing, China) were cloned into the pGEM-T easy vector (Promega) and transformed into Escherichia coli JM109, and the recombinant colonies were identified by PCR and digestion with restriction endonuclease EcoRI. Positive clones were sequenced using ABI PRISM 377XL DNA sequencer (TaKaRa Bio, Shiga, Japan). Eight nucleotide sequences of 45W gene family from the Mexico isolate were retrieved from GenBank and were analyzed with those reported herein using the Jotun Hein method with DNAStar software (Table 1) .
In this study, 16 transcripts of the 45W gene family were obtained from the Chinese isolate (Table 1 ). Among them were 7 A-type, 8 B-type, and 1 C-type transcripts. Only 3 A-type transcripts from TSO45-A1 to TSO45-A3 had corresponding B-type transcripts from TSO45-B1 to TSO45-B3, respectively. Nucleotide homology of 2 transcripts TSO45-4B and TSO45-1C was 100% between Chinese and Mexican isolates, respectively, indicating that the TSO45-4B antigen is absolutely conserved. The A-type TSO45s from the Chinese isolate shared 86.6-97.2% of identity with those from the Mexican isolate at the amino acid level, and, except for TSO45-4B, another B-type TSO45s shared 86.9-96.1% with the Mexican isolate. As presumed, none of TSO45-4A mRNA was identified in our research, as previously reported by Gauci and Lightowlers. 6 These results suggest that the 45W gene family of T. solium has more members than 5, as was previously reported. 6 T. solium TSO45 genes consist of 4 exons-from I to IVand 3 introns and form different type mRNAs A with all 4 exons, B with exons I, III, and IV, and C with only exons I and IV by means of exon inclusion/exon skipping. Alignment showed that variant nucleotides were mainly located in exons II and III (Table 2) , which both contain fibronectin type III (FnIII) domain(s), previously found to be present in such proteins as To45W, TSOL16 and TSOL18, Eg95, and Em95, all of which were shown to induce high levels of protection against Taenia ovis, T. solium, Echinococcus granulosus, and Echinococcus multilocularis in animal vaccine trials, respectively. 12 Moreover, most of variant nucleotides in exons II and III were distributed in the region of the first 200 bp (Table 2 ). It is notable that some variant nucleotides were detected in one TSO45 transcript from the Chinese or Mexican isolate. Two variant nucleotides were found in the exon I, but none was found in the exon IV, which is probably related to functions in signal transduction and regulation of cellular proliferation/differentiation, 6 indicating that both exons I and IV are rather conserved between two T. solium isolates.
The 45W gene was first identified from T. ovis. Immunization showed that the recombinant 45W product induced a high level of protection, up to 94%, suggesting that the protein encoded by the 45W gene was a promising candidate for vaccines against T. ovis. 13 An animal vaccination experiment in Mexico showed that recombinant TSO45-1A antigen of T. solium Mexico induced 97.1% of protection in pigs against challenge infection of oncospheres. 4 However, due to the diversity of A-type TSO45 proteins between the Chinese and Mexican isolates, it is doubtful that the TSO45-1A vaccine mentioned above still elicits high levels of protection to prevent pigs from infection by Asiatic T. solium. Although the TSO45-1C gene has been found completely conserved from our study, because this gene lacks FnIII domains, which exist in all protective oncosphere antigens, 12 it cannot be recommended for use in developing or engineering genetic vaccines against infection of T. solium. Recently, we have demonstrated that recombinant TSO45-4B antigen has potential for development in anticysticercosis vaccines, inducing 94% and 95% protection in pigs in 2 animal vaccination trials, respectively. 14, 15 Because the TSO45-4B gene is rather conserved, the TSO45-4B protein is a priority for development of recombinant vaccines to control cysticercosis caused by Chinese and Mexican T. solium. To effectively use a recombinant TSO45-4B vaccine in global endemic regions, further experiments must clarify the genetic morphology of TSO45-4B in other main isolates such as those from India, Indonesia, Ecuador, and Cameroon. Y. Zheng and X. Cai contributed equally to this paper.
